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Production and characterization of recombinant viral hemorrhagic septicemia virus
(VHSV) expressing major capsid protein (MCP) gene of lymphocystis disease virus
(LCDV).

Seonyoung Kim

Department of fish pathology, The Graduate Schoal,

Pukyoung National University

Abstract

Viral diseases caused by viral hemorrhagic septicemia virus (VHSV) and lymphocystis
disease virus (LCDV)-have seriously damaged on the aquaculture of olive flounder
(Paralichthys olivaceus). VHSV_infections can lead to mass mortality of olive flounder
at low temperature periods and LCDV disease reduces salability of fish by
outstanding nodular lesions. However, there has been no effective control measure
against these viral diseases yet. Recently, recombinant viruses generated through
reverse genetics system have been used to uncover functions of viral genes and to
develop attenuated live vaccines. Previously, a recombinant VHSV (rVHSV-ANV-
EGFP) having the green fluorescent protein (GFP) gene instead of the NV gene had
been produced using the reverse-genetics method and the high vaccine potential of
the recombinant VHSV as a live attenuated vaccine was confirmed by in vivo
immunization experiments. In this study, another recombinant VHSV (rVHSV-ANV-



MCP) containing the major capsid protein (MCP) gene of LCDV instead of the NV
gene was rescued by reverse genetics technology and basic characteristics of the
recombinant virus were analyzed for further use as a dual vaccine against VHSV
and LCDV. Epithelioma papulosum cyprini (EPC) cells expressing T7 RNA polymerase
was transfected with a mixture of pVHSV-ANV-MCP, pCMV-N, pCMV-L, pCMV-P.
Generation of rVHSV-ANV-MCP was confirmed by RT-PCR and rescue of infectious
rVHSV-ANV-MCP was confirmed by observation of plaque formation. Replication
efficiency of rVHSV-ANV-MCP was distinctly lower than that of wild-type VHSV.
The cytopathic effect (CPE) induced by infection of EPC cells, hirame natural
embryo (HINAE) cells or Chinook salmon embryo (CHSE-214) cells with wild-type
VHSV or rVHSV-ANV=MCP at MOI 0.1, MOI 0.001, or MOI 0.00001 after 7 days
post-infection was-observed.” EPC cells and HINAE cells were ‘more sensitive than
CHSE-214 cells, indicating differences in viral.susceptibility according to cell types.
To determine type [ interferon response of hosts, expression of Mx gene in EPC
cells and in olive flounder in response to infection with wild-type VHSV or rVHSV-
ANV-MCP was investigated using luciferase reporter system' and semi-quantitative
RT-PCR, respectively.  The highest increase of luciferase activity was detected from
supernatant of cell infected with.rVHSV-ANV-MCP at MOI 1.0. In' vivo experiment,
the Mx gene expression . in. olive flounder injected - with rVHSV-ANV-MCP was
higher than fish injected “with “wild-type VHSV: ' TheSe results suggest that the
present rVHSV-ANV-MCP possesses characteristics -that are needed to be used as
live attenuated vaccines. Further in vivo vaccine studies are needed to apply the
rVHSV-ANV-MCP to a combined vaccine against VHSV and LCDV infections in
olive flounder.



AAACz F71etal e FkEe] Fa= & o& A7 A% &4
Aol FaAl HA Uk FF A A AR A 4 AU
ofst=E R w2 AWdo]l A Ho mdse ABo=m s A
ofFel AW HAZ Y &E4de A A FFRONA YA T FEs
o] g% AWAloirt A=HI oy FAAL] F&o=E s F o FolA

FToA Ha doh @e=gE A
ol EFHE 7Idetr] =7

AAo7E A FLAEHIL AT F4 HRoA EAstE Hlol# A AW F
viral hemorrhagic septicemia virus (VHSV)®} lymphocystis disease 'virus (LCDV)&=
AZg DElE Fv Fo AP E ofF aHAQ A NIEHA Ut B
ATl A= o] F vpold 2ol tidk H BMAS A &Sy, T SAHS dotR A

A},

N

Viral hemorrhagic septicemia disease (VHSD)E ©kz]3d}+= viral hemorrhagic
septicemia virus (VHSV)& Aol /e &8 ool /el & #HAE dov|=
Fo e F UE dHA dom ATl "X Ao ol Ao
T2 HAE dozltk(Schlotfeldt & Ahne, 1988; Schiotfeldt et al. 1991;
Mortensen et al., 1999; Isshiki et al., 2003; Skall et al., 2005). VHSV + family
Rhabdoviridae, genus Novirhabdovirus ol <3l ulo]#]2~Z IHNV <} HIRRV <}
22 E7E A4 den, @7+ 180x70nm AHEolil ©@IFo R Ut
7}A+= negative-sense, single-stranded RNA ®w}o]2] o]t} VHSV = 11-12Kb 9]
nucleotide = o]Fojx glom, olx 4 7Y FxuwMAF 3sh}el virion-
associated polymerase ¥ 7+ A|Zo|Awt U&= += non-virion protein S=
o] Fo]A ltHlLenoir & de Kinkelin, 1975; de Kinkelin et al., 1980, Benmansour
et al., 1994; Walker et al., 2000; Tordo et al., 2005 ©-E Novirhabdovirus 2]
genome ¥ o] nucleoprotein (N), polymerase-associated phosphoprotein (P),



matrix protein (M), glycoprotein (G), RNA-dependent RNA polymerase (L)} non-
virion protein (NV) 2 A= o] <t Non-virion protein 91 NV FHA =
Novirabdovirus ¢ 5o 2 G FHAL} L F2A Alold] o™, genome &2
3’ -N-P-M-G-NV-L-5" ¢ &A= djdso] AthSchutze et al, 1996, 1999;
Estepa et al.,, 1999; Tordo et al., 2005).

Lymphocystis disease (LCD)E € ©.7]+= lymphocystis disease virus (LCDV)=
family Iridoviridae, genus Lymphocystivirus | <33}, double-stranded DNA
Hlol# 22 7ol 200+£50 mmol® 20 WAlolth A AAZHCZ 140 o F <
AzolFol FHAASHA Y He AegE BHixEo JvkBrown, 1986; Heppell &
Berthiaume, 1992; Chinchat et al., 2005).-LCDV ol 7+ =™ of 2 Al UELA]
AR, AEo UEhE BRoR Qs AEIHAzE siEtetA Ha o
WA HAEE o IteAdel w31 H¥gol  JYEWIRE g AAEC

A3tkIwamoto et al, 2002). LCDV o] ZE=E olFE= E FHo 7HA A<

O

o oY
Ao

4 wae dened el wolezsh e BAek oz A H3ol
Mol fAHEY oA = Qs ey s Yenis AW wae &9

lymphocystis | cell (LOel2kal E=dl, o|FA HAZHo=z g A=
(hypertrophied cells)= IF-eF A=gju], & F9o F= EAFtHSamalecos,
1986). -yt M= 71 ol k2= Al 9= | (Paralichthys olivaceus)©l
TE o] He AoRE Bt Hol Rl AAAeR we vE FrHDo et
al.,, 2005; Kitamura et al.;. 2006a). Iridoviridae ol <&} wlolg]~o] & EX QI
50kDa =2 major capsid-pretein (MCP)-S -wHlolegixe] ZES do7|= 4
polypeptide ©]al, virion protein o] ¢F 45%E /3 $+th(Flugel et al., 1982; Robin
et al, 1986). MCP & a9/ido] wow, old th3t FA =] Hiolg =g AkS
st7] f1sll Algel dmiEl ok ofFolAE AxF MCP & AFsho
dAHAQ Ats 9% A7y WLo 22X JhsAo]l AFEHIE SFATHSeo
et al., 2008).

At FA 3 B ofFe TEA wiolgxAd WS Ausr] 18k
B3 WAl k=38t Wil AzF o Wil 2 DNA WAl Go] AREE o]
S THGomez-Casado E., 2011). o] =, nlolg]x~ <¢k=3l WAL cell line &

olgstel o E Aatol bsstn AXY BT ANY WY BFE FEstol

Ll



o
Hlol#] 2 wiAlo] dAFE Qlth. Reverse genetics system & Hjo]#] 29
1 ¢cDNA & ©]&3}o nio]H2E cell line oA

= 9oty =, T7 RNA polymerase (T7RNAP)7} 3= 1 Q& A Zo
Hlo] 2 ~9] full genome & encoding & 4 U+ plasmid £ transfection s}=
Aot} oju Hlo]#] & encoding dh= cDNA o] 3 @hol = hepatitis delta virus
(HDV) ribozyme sequence & YoAHA 222 3 9o AHUsA zepd &

AEE 3] =t} o]2]3 reverse genetics system & HpolE 2 {FHA F o}F

R AZAF 71ZE &g Jom, Hiolel 2 genome 4ol EA FHAE knock-
out A7) A mutation Al A ¢k=3tE A =3 AQulale] sjuto] 7tsslt) E, THE
HaAel g fRAAE AEte @A o EHA oY AxF WHAES
Ndsted 53 Hio=w S8 & F Je S4S 7HAL AtKSchnell et al.,
1994; Palese et al., 1996; Neumann & Kawaoka, 2001; Neumann et al., 2002; von
Messling & Cattaneo, 2004). ©]2]3F |2 Hiolzd A= T2 HAA e I A
A4 diE s AHE 55 AE oA A7 EF Aj=o] P9 viral
progeny £ A&o) ZdAz Aot G MEZ 2dE = ] wEol, MHC
class I & 53 AlxA Hgeu oly 2} MHC class S 53F A4 At
Ho) N w2 A A= AE

=
- = [e)
197428 52 ¢ Ate 3ol Atk

HAZ B AFAAE VHSV ¢ NV #2771 knock-out © A %3 VHSV =
Azstel 2 S tis dTE stAem, NV F8247F knock-out # =g
VHSV & {dXxlo] WY3st Agste] & wWolgde fFE3ts AL #AFE 3 nt

YJTHKim et al, 2011; Kim & kim, 2011). =, 7 rhabdoviridae © <3l=
hirame rhabdovirus (HRRV)S] G f+# x5 NV %27} knock-out & VHSV o
A3k olE W= AxF VHSV & AZste], Ax3 VHSV & FX ol
Hdst Ag3te] HIRRV 9F VHSV F 71A] 5% digt WY ads FAstdnh
Kim & Kim, 2011). £ dAFA&= olgig A=F VHSV gote] k2
YA A FA7F He dpolg]2 AWel 2l npo]ly 2 F sl LCDV =

32

il
o



A AdUE = e EFHAE At 918l NV /581 A7F knock-out #
VHSV ol lymphocystis disease virus (LCDV)2] major capsid protein (MCP)
FAAE AU HEHE o] &3l LCDV o MCP & Zdst= A=x3 VHSV &

A or, o] % BEMACR Ay 9lstel 1 E4L Folugih

. As 2 LY

L A= 8 Hie)Z 2

Ao AgH A Z<l EPC(Epithelioma papulosum cyprin) cell, HINAE(Hirame
natural embryo) cell- penicillin (100U/ml), streptomycin (100ug/ml) 2 10% fetal
bovine serum' (FBS, Gibco) ©] F7}¥ Leibovitz medium (L-15, Sigma)E ©]-&3}
of wj FetATH

Aol ARg3F "lo] 221 VHSV (viral hemorrhagic-septicemia virus)= 2008
VHS Awo] Mg Ay A dx] S BHE X 27H £ VHSV
KJ2008& A}-&3l33 a1, LCDV (ymphocystis' disease virus)= AF= gz o249
lymphocystis diseaseo] AH WX ZHE L& YIEZA|2E]2~ AE (Lymphocystis
celDoll Al &2t AHE3tA T o] & Hiol#| e 22 15T 9F 20C oA 2% FBS$}
FAAZE H7rE w®x oA wi s EPCSF HINAE celloll HEFstgoH, HE & 3
H9l8kAl cytopathic effect (CPE)7F WERS W) 4Tl A 1083 4000 g= A4
By & O A459E -80C BAste] 3 Ao A&t



2. T7 RNA polymerase (T7 RNAP) & EPC cell line 7=

A z3 VHSVE] promoter® AR&E+= T7 promoter’t &-&A o= ZFatr] ¢
| A= T7 RNA polymerase’} @& = += EPC cell linee] 223y, 271# WS
o] &3t T7 RNA polymerase’} 3=+ EPC cell lines T3ttt T7 RNA
polymerase gene< E. coli BL21 (DE3) <] DNAZRE PCR& &3 Lot

2-1. Retroviral vector A2+ 2 EPC cell transfection

T7 RNA polymerase genee 7FA 3L = Retrovirusg "H=7] ¢138 Retroviral
Gene Transfer and Expression kit (Clontech)E- AF83}31t}. packaging cell&
non-mammalian /cell= o] 7L 3k GP2-293 cellS AM&-3F T} pLNHX vector
°] MCSel Bglil- pCMV - Hindill- T7 RNA pol. - BamH'I = Sal 1 - Xho I - Apa
[ - Xho I cassetteE ligation st Al =<-% T7 RNA polymerase/pLNHX vector
(5ng)$} pVSV-G vector (2.5ng)S 22 Fok Hjakel GP2-293 cell (1 x10°cells/T25
flask)oll Fugene 6 transfection reagent (Roche)E ©]-&3}¢ transfection 3}$3t}.
19 &, A7 H71e iR wjR S @SSt ar, 229 Holl T7 RNA polymerase
genes 7FA Al Sl retrovirusE AT 0.45um syringe filterdt virusE EPC
cellol HF3sl =l o] wl infection &&8 =07l 3l polybrene (4ug/ml)S
7bat Rk AE 24413 Fo-10% FBSeE =k A 7E - 71A L-15 WA = wjx &
slaf] Foh 2~3¥ FHEE G-418 (400pug/m) A ZF H7F @ wiA 2 viA| w

S 3lHA AN EZE selection 3 FATH

2-2. Plasmid vector A2+ 2 EPC cell transfection

E. coli BL21 (DE3) #FZX¥E genomic DNAZS £& 3 % Hindli7} Y=
forward primere} BamHTI©] ¢l reverse primer2 PCR3te] T7 RNA
polymerase gene2 UATthHTable 1). PCR AHES & wWE]Ql pcDNA 3.1(+)
vector (Invitrogen)el| ligation 3}$1t}. Exfection prep kit (GenealD)E o]-&3sle] T7

RNA polymeraseE 3Z3$F plasmid vectorg W& €& %, EPC cell (I1x



10°cells/T25 flask)ol Fugene 6 transfection reagent (Roche)E o]&3}e]
transfection 3 FAUTh 19 Fo 10% FBSe} A 7F A7 L-15 w2 uj A
£ w33k Transfection 3¢ $HFE G-418 (400pg/ml) &AA| 7 H71E L-15
HI A2 A& nslAA AEZE selection 31T

3. LCDVS) MCPE @33 Az VHSV 23 wg Az

©d 2 Z3 VHSV.-=3d wE o Aed LCDVE MCP ORF geneé A7) 93|
LCDVe Zdd dA Oﬂ/ﬂ 213 LCDV 7+ AlZz& 93 gk %, genomic DNA
extraction kit (Bioneer)E ©]-&8}o] genomic DNAZS FZ3}t}. VHSV NV gene
Al LCDV MCP geneg ®tdsl= A=zt VHSVE A|Zfsh7] 18] LCDV MCP
gene ORFol 3}33}l= fragmentE =%+ DNAE templateZ 3} Cla [ enzyme
siteg 717 forward primer®} Nar [ enzyme sites 7% reverse primergs ©]-&
st PCR F&3k%tHTable 1. PCR2 & 20 pl o] ¥ el 4 ul ¢ 5xHiPi
Plus PCR Premix (ElpisBiotech, Korea), 1 pl ¢} 10" 3]41& cDNA template 2 1
ul (10 pmol/ul)e] ~specific. primer7} *3&-=o] JAAe} Thermal cycling =712
95T oA 3&ZE 1 cycle, 95T Al 30%&) 60CollA 30%, 72ColA 30x4
cycles &R, HFHOE T2C T AATNES AFHT. PCR F3F4HE
pGEM T-easy ®E (Promega)ol subcloning ¥+ % sequencing #4313ttt vl
AZ=E o] Je NV geneo] #|4¥ mutant ¢cDNA =€ (pVHSV-ANV-EGFP)Z
Cla3®} Naro.Z *g]sle] EGFP genes A|AsIE o™, 1 Akglo] LCDV MCP
geneS AR 1 WEE pVHSV-ANV-MCP 2 %533ttt

Erlo%

4. N, P, L ©93d-& vt=+= supporting plasmid =2}



A Zz3 VHSVZE &0 A7) s+ VHSVE full cDNA vector= E&0°]aL
VHSVe] N, P, L &d$ W& sl+= supporting plasmidZ} & &3tk Wild VHSVES
template2 3to] Ztzheo] f Aol 2= primerE Ab&3le] PCR 5319 tHTable
D. 29 Z4Zo] fHAEL CMV promoter7b A+ pcDNA3.1(+) vectorell

2 7}7} pCMV-N, pCMV-P, pCMV-Lol2} == &%},

5. LCDVe] MCPE TdstE Az VHSV A& R &<l

5-1. LCDV¢] MCPE ¥ she= A=% VHSV A3

T7 RNA polymeraseE &3l A= EPC cello] 80% A= Aghe w) ol A
A ZgE #WE pVHSV-ANV=-MCP (2ug)} pCMV-N (0.5pg), pCMV-P (0.3ug) %
pCMV-L (0.2ug)S ¥4 Fugene 6 transfection reagent (Roche)E o]&3j co-
transfection A1Z1 ¥ 28C oA 12 A7t incubation &} ©]E 15C 27 w3t
o} Awrz 9l CPE7} ##E %S wi, rubber policemang o] &38] AMEES FHolA
Yol & f eeze—thawmg% 23] WHE3E3 4000 goll A 1087 YA EE st
ol A& A=AS P0g}t st T POE THA] 15C T Zeb2~Fo|A v %3k EPC
cello] HF3t 7-108 F 45 PDS Rokx £F & -80TC o B@strh

5-2. A=¥ VHSV A2 <l

AzhE Az VHSVE RT-PCRS F3te] sttty &5 PlolA RNAiso



plus reagent (Takara)E ©]&3}e] total RNAE F=31H T cDNAE A|#slr] 9
3 1lpgel total RNAE 0.5u2] random hexamer (0.5ug/ml, Promega)} 80°C of A
B vESAI7]1aL A 42C oA 60=3F 2ui 2] 2.5mM dNTP mix (TakaRa), 0.5ul
9] M-MLV reverse transcriptase (Promega) % 0.25ul2] RNase inhibitor
(Promega)”7} 3 3+¥ reaction mixture2} incubation s}$3th. cDNAE template2 3}
o VHSV-N3} VHSV-P specific gene primer % EGFP primer, LCDV MCP primer
£ o] &3le] PCR ZFE3F3tHTable 1). PCR cycding =318 95ColA 383 1
cycle, 95C oA 30%, 60ColA 30%, 72ColA 304 30 cyces =3, HF
o g 72T TEI AAM8S AT ol 1% agarose geldl H7]9% 3o &
o1ttt =3 A ZE rVHSV-ANV-MCP9] titerS ¢7] 9 plaque assayS <
&5t} Virus stocke 10°-olA) 107742 ©@A-38]4 & EPC cell monolayero]
HFsATh 15ColA 1425t incubation & wHlol#g]| A& AAI 0.7%
agarose2} 10% FBS, 1% JAA|7} €013t L-15¥IAE A2 flo ¢tk 79 +
MEE 10% formalin® 2 14 & AME 9o &l uAE AASHL, 3% crystal
violete. 2 3087k AolA AAEIHRT GRS e FRTE AZE FA

3 & plaque-forming units (PFU)S 4+=3}SAth

o
oX
o
|
e
o

0] 83+ A Z3+ VHSVE replication &<l

Wild-type VHSVe} A =3+ VHSVE| replicatione plaque assayE 3 A% =
Aoz dlul BEA43HT 6-well plateo] EPC cell& 28T o4 monolayerZ Hjj &

3t 3, wild-type VHSV®} rVHSV-ANV-MCPE 742 MOI 1.00.2 HF3s% a1, ©]
E 15C oA st vlolgl = HE F 1Y, 3Y, 5Y, 7¢A o F5qS =o}
Al Z+7Z+ plaque assayS A A5k plaque-forming units (PFU)E 4+&3F a1, ol &

Jeze Yelho] AF=de AlAbskad.



7. Az W A= VHSVY ZEA wlm

Az VHSVE Aol Axe F/o wat Sabx=A Flstr] fste] A
2 OE Al 7HA Az MOIE & ”6}04 Hiol g A~ & 7@*6}04 CPE7} v+
k& wlws] Rty MEE Epithelioma papulosum cyprinid (EPC) cell, Hirame
natural embryo (HINAE) cell, Chinook salmon embryo (CHSE-214) cell M| 7}A|&
Are3tanh. 6-well plateo] zHzhe] MEZE 1x10° celly B33}l EPCE 28T,
CHSE-2149} HINAE&= 20ColA wistath Al=Z7F 90% B= Asts o, wild-
type VHSV®} rVHSV-ANV-MCPE MOI 0.1, 0.001, 0.000012 &3t} vio|H
25 HETH AEE 15CoA mjFetdaL, vlolel=-HF 79 = 7+ A9 CPE
7F Uehge S AEskATh

8. Semi-quantitative RT-PCRS- ©]-83F Mx gene o3 &<l

A ZF VHSVO ‘tigh &0 QIEHE &S dolR7] $3te Mx Fxxe
13 S 3kelstgdth. Type I interferon WHg-S & S5 Hof 4] u}o]a/\ 7+l Al o]

Wolstz] flal 7hd A dojube g wkgolth. tiEA <l IFN % 3ulol
2 el My FRAolH, B Ao = wild-type VHSVeF A =3 VHSV
S ZAAAES W Mx F3A2] HHARE luciferase activity =3 semi-
quantitative RT-PCR-& ©]-&3}o] 3l th

8-1. Luciferase reporter system-& ©]&3F Mx gene &3 3%l

r)
o

In vitro AolA A=z nlolzizol] 213 Mx gene 2dL &< 3] YA
pOFMx-reporter W E]S 7121 ¢lE EPC MZE o] &3l luciferases =434
t}. pOFMx-reporter ®E|& AlFol| Ivl=al &= luciferase reporter vector®]
promoterE A4 ¥ YA Mx FHA<] promoterE AUste AZtsig o, o
W Bl E EPC Aol transfection ¥ selection 3}Fe] pOFMx-reporter/EPC M EZE



A 21319 o}, pOFMx-reporter/EPC A2 6 well plateo] 1.5x10° cell® 3}
28C ol A v sttt AlAZ7} monolayer2 A5kS o], wild-type VHSVS}F rVHSV-
ANV-MCPE MOI 103} 012 HF3ta 15ColA vieksldn) vlolzix HF 12
AN ZE 24413, A8AIZEAY ol ZF Al oA AFEY S0u & 3 38te] Ready-To-Glow
secreted luciferase reporter assay kit (Clontech)®} VICTOR 3 multilabel plate
reader (PerkinElmen)& o] &3} w5 dol wral luciferase 43S A 3IHUT}

8-2. In vivo AellA Mx gene o3& 3l

In vivo Aol A Mx fazte] wde #lsty] $1ate] | 2ojo] nheld 10°
PFU9] wild-type VHSVS} rVHSV-ANV-MCPE 2§54} 311, L-15 A2 u}
ol e} e FoZ FASEY controlZ TR olw] A8 WX &= VHSV 7
dol fle AL FU F AR, 2 I5CE FASIAH. vtolel 2~ HF
T 24Xk A8AIZHA Ol IR 3ukEld Al vl AS EElste] TRizol reagent
(Invitrogen)& o] &3t total RNAE &&|sk%th cDNAE A ZHstr] 913 GoScript
Reverse Transcription System kit (Promega)E AF&-3FITh 1uge] total RNAE 1
ul @] random  primer’ (0.5pg/mDe} 70C oA 5&ZF WA 7)o Aol 587 T2
t}. 7)o 3.5u1¢] MgCl, lule] PCR nucleotide mix, 0.5ul €] RNase inhibitor<}
1ul 9] reverse transcriptase’} 3% reaction mixtureS} 25C /ol A 58, 427TC ol
A 60%, 70T oA “15%Zkincubation dtth o] F A A B cDNAES template &
skl g Mx FAAF specifie-primer = PCRsld F2+3199 11, d X2 B -actin
geneS control2 3} o (Table 1), PCR-=712 95T o4 3&%F 1 cycle, 95T ol
A 30z, 60Tl A 30z, 72CAlA 302 24 cycle (Mx gene) X+ 25 Cycle (p-
actine =31, HIFHORE 72C 73 NS AR SFE JEES 1%
agarose gelell 77195 3t &lstAh
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Table 1. Primers used in this study

1-1. For construction of recombinant VHSV genome

Name of primer

Sequence (5’ to 3°)

Restriction enzyme

LCDV-MCP

ATCGATATGGTGACTTCTGTAGCGGG
GGCGCCCTAAAGTACAGGAAATCCCATTG

Clal
Nar 1

(Bolded nucleotides indicate restriction enzyme' sites)

1-2. For construction of supporting plasmids

Name of primer

Sequence (5’ to 3")

Restriction enzyme

F GGATCCCGGCACTTAAGTAGCAAAAAGTTT BamHI
PAMVN R GCGGCCGCTCCTTTTCTATCTATATGAGTTATGAGA Notl
F AAGCTTCGGCACGATTATAGGAATTTTTC Hindll
pAMY-P R GCGGCCGCTTTCTTTCTATCTATACGATGTGTTGTG Notl
F1 AAGCTTTGGCACTTTTGTTGTTTGTAGTC Hindll
R1 GCGGCCGCACTAGTGGGCCCCTGGTCGTGTG Spel, Nod
PAMV-L F2 ACTAGTTCCTTACTTCGGGACTCAGACCAAACC Spel
R2 GCGGCCGCGCTTTTTTTCAATCTAGTTGAGGAACAAG Notl

11



(Bolded nucleotides indicate restriction enzyme sites)

1-3. For construction of T7 RNA polymerase-expressing plasmids

Name of primer Sequence (5’ to 3") Restriction enzyme
pCMV-T7 F AAGCTTCGGCACGATTATAGGAATTTTTC Hindll
RNAP R GGATCCTTACGCGAACGCGAAGTCCG BamHI
F TCGAAGATCTAAGCTTGGATCCGTCGACCTCGAGGGGCCC
PLNHX-MCS
R GATCGGGCCCCTCGAGGTCGACGGATCCAAGCTTAGATCT

(Bolded nucleotides indicate restriction enzyme sites)

1-4. For detection of replication of recombinant VHSV or LCDV

Name of primer Sequence (5’ to 3")
F ATGGAAGGGGGAATCCGTGCAGC
VHSV-N
R TTAATCAGAGTCCCCTGGGTAGTCG
F ATGACTGATATTGAGATGAGTGAATCATTGG
VHSV-p
R CTACTCCAACTTGTCCAACTCCGCC
F1 ATGACTTCTGTAGCGGGTTCAAG
R1 GTCGTTTTTATTTTGAAAGATCAATAATTCA
LCDV-MCP
F2 ACGGGTATGATGGAATGATATTCGGG
R2 CTAAAGTACAGGAAATCCCATTG
F ACGGGTATGATGGAATGATATTCGGG
EGFP
R TTACTTGTACAGCTCGTCCATGCC

1-5. For detection of expression of Mx gene

Name of primer Sequence (5’ to 3")
ACGGACAGGTCATCACCATTGGAA
OF- 8 -actin
ACATGGTGGTTCCTCCAGATAGCA
F AACAGCCCAAGGCAAAGATTG
OF-Mx
R AATGTCCAGCTCCTCCTTCA

12



m 2 3

1. LCDVe] MCPE #d3t= A= VHSV A4t

1-1. HINAE cell o4 9] LCDV &9 2 F4 & &2l

dx o] HIA|2E 2 AEXZRE EE 3k LCDV virus stockeS HINAE Aol #H
Z & 20T o4 wFste] cytopathic effect (CPE)7}F Yel = AS A# 5= 9l
S oHFig. 1. CPEZ} Yebd celle] F5d-s 838l genomic DNAE &3 &
LCDVe] MCP specific primer2 PCR stHal, 7|95 3k 23 633bp ¢ MCP

specific band & &<1& 4 AATHFig. 2).
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(a) (b)

Figure 1. The /cytopathic effect (CPE) induced by infection of' Hirame Natural
Embryo (HINAE) cells with LCDV (b), but the control cells (a) showed no CPE.

@@ @

e 4 MCP
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Figure 2. Confirmation of the infection of LCDV by RT-PCR. Viral genomic
DNA extracted from stock supernatant of LCDV was amplified by PCR with
specific LCDV MCP gene primers. PCR products were ananlyzed on a 1%
agarose gel, and visualized with ethidium bromide (EtBr). In the HINAE cells
infected with LCDV (b), the MCP gene was exactly amplified, whereas in the
control HINAE cells (a), no band was amplified. The marker (M) is a 1kb DNA
ladder (Bioneer, Korea).

1-2. LCDVe] MCPE 2dst= A= VHSV A4k 2 32l

LCDV MCP, genes #dsl= A|=x3 VHSVE AlzHstr] Qs 2 AF2oA A

243l rVHSV-ANV-EGFP #E] o] EGFP gene2 A|3+& 4 (Clal[Nsi[)E o] &3}
LCDV MCP gene® 2 w A3l mutant ¢cDNA clone (pVHSV-ANV-MCP) & A%
A THFig. 3). o= A A=E WE 9} supporting plasmidES =g #ek & =
EPC cello] co-transfection AJ#A-#H & %o (CPEZ} JeElvE AL #F 3
(Fig. 4), =3 VHSV (VHSV-ANV-MCP)E 4S5 4 Ut olgdA d& Ax
2t VHSV (rVHSV-ANV-MCP) 7} £Z3d 2 wtEo i e=AE &<lstr] ¢3) CPE
7} UYEbd M ZZRE stock supernatantE % dte] ©]= VHSV-N, VHSV-P
detection primere} MCP primer, EGFP primer& o¢]&3}e] RT-PCR&IAY. 1 2
I VHSVE N 3=+ (¢F 1.2kb) ¢ P %=} (¢F 700bp), LCDVE MCP %=}
(¢F 1.8kb) 7} A&3tAl TFol & As &AsA, 71Ee pVHSV-ANV-EGFP
o 19 reporter EGFP gene F%o] =2 ZF%aS FUstATHFEIG. 5). o|=F
B Az VHSVZE 543 b2 AZto] HAS5S &5k

AAbE mlolg] 27k ZHE Aol e wpolH Q1A E T titer7t vk HE A

dolr 7] 93 plaque assayE A Aste] plaque-forming units (PFU)E AF&3+%]

of
FlO _l

.31
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t}. Plaque assayS A Ag A7} 9.73x10'PFU/ml 2 Y ERTHFig. 6).

Nael (Epnl)  Agel Seell  Nad (Spel)y Pstl

F.la F. 1l E2 E3 F & E%

23kh 600kp 15kh T00bp 32 kb 2.0kh
wll § [leflufl 6 [low L |
l pVHSV-ANV-EGFP

Clal
ATG MCP 11q

leefl v e l[afl o [luell L [[HivRe [rro |

pVHSV-ANV-MCP

Figure 3. Construction of the mutated cDNA clones harboring LCDV MCP gene
(pVHSV-ANV-MCP). The pVHSV-ANV-MCP was generated by replacement of
the EGFP ORF in the pVHSV-ANV-EGFP with the LCDV MCP ORF using Cla I
/Nar [ restriction enzyme sites.
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(a) | (b)

Figure 4. The cytopathic effect (CPE) induced by co-transfection of Epithelioma
papulosum cyprinid (EPC) cells with plasmids expressing the N, P, L proteins and
pVHSV-ANV-MCP (b). EPC cells transfected with the plasmids showed evident
CPE, but the control cells (a) showed no CPE.

17



N P MCP EGFP

r'VHSV-ANV-MCP

Figure 5. Confirmation of the rescue of recombinant. virus by RT-PCR. Viral
genomic RNA extracted - from- stock supernatant ©of rVHSV-ANV-MCP was
amplified by RT-PCR with-specific nucleoprotein (N), phosphoprotein (P), LCDV
MCP (MCP) and enhanced green fluorescence protein (EGFP) primers. PCR
products were analyzed on a 1% agarose gel, and visualized with ethidium
bromide (EtBr). In the rVHSV-ANV-MCP, the EGFP gene was not amplified,
whereas the MCP gene was exactly amplified. The marker (M) is a 1lkb DNA
ladder (Bioneer, Korea).
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Wild-type VHSV(10-5) rVHSV-ANV-MCP(10°5)

Figure 6. Plaqueformation in Epithelioma papulosum cyprini (EPC) cells infected
with 10°-10"° diluted- wild=type -VHSV and rVHSV-A NV=MCP. Cells were cultured
under 0.7% agarose-containing plaquing medium; fixed at 7 days post-infection,
and stained with crystal violet.

2. A=3 VHSVY replication &<l
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Wild-type VHSV¢} rVHSV-ANV-MCP9] replication plaque assayE £3+ Hlo]
B2 AAFAE ol &3t Hlma| Byt F Hio]ly 2~ A FAE vud £
A3}, rVHSV-ANV-MCP7} wild-type VHSVXET} replication %7} =
A = UM Fig. 7).

Log,,PFU/mI

—8— Wild-type VHSV
© - fVHSV-ANV-MCP

3SR Y 35 J B
. Days post infection . .
Figure 7. Growth curves.or wild-type VHSV and rvHsV-A NV-MCP. Epithelioma
papulosum cyprini (EPC) cells were infected with (a) MOIL 1.0 or (b) MOI 0.00001
of each virus, and the replication of viruses ‘was-analyzed by plaque assay after

1, 3, 5, 7 d post-inoculation.

3. AlZd8 A= VHSV 72484 v &2l

Mo me} Az VHSVE ZHaAdo] ofgA t&EA sty #siA EPC,
HINAE, CHSE-214 celldl ztz} wild-type VHSVS} A =& wHpola] 29l rVHSV-4
NV-MCPZ MOI 0.1, 0.001, 0.000012 #HZ3sle] 79 %, CPE7} Ueh}s e
Hlwa] ®th. 1 A3}k EPC MEo|AE wild-type VHSVS}F rVHSV-4 NV-MCPZ
MOI 0.13} 0.0012 HF3 A ZoA dAHo=z FHLS CPEZF YEhes A&
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A

stolal gl Ty, wild-type VHSVE 0.000012 HZ3 EPC M= ofzhe] CPE7} Ube
g20d 4 AJAT rVHSV-ANV-MCPE 0.000012 F 53+ EPC Ao
A%t CPEE ## & 4 QItKFig. 8a). HINAE A 3Zo|A= EPC AMEZR
o} oFsl7l kA qF o] 9} H]S=5}A| wild-type VHSVS} rVHSV-ANV-MCPE MOI 0.1
I 0.0012 H=3F AlEoA CPEZ} UEld AL A 4 AT}t AT MOI
0.000012 HF3g MEANA= CPEE 8 #F & & gldoh.(Fig. 8b). CHSE-214
Az HE wild-type VHSVE HE3 AE9} rVHSV-ANV-MCPE HEE A3
BFolA AE7E ofHH = RS FAT 7 UJAA T GG CPE= #F &
A A THFig. 8¢). =3 o MOIZ H=Z3 wild-type VHSVS}F | %3 VHSVES H]
A3, wild-type VHSVZF M=% VHSVE T CPEZF ¥ o] Uelys AL

Els
T AR

AN

for o

X

1
.

FJ -l> e

1
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LG (b) ©

mock

MOI 0.1

Wild-type
VHSV

MOI 0.001

rVHSV-
ANV-MCP

Figure 8. The cytopathic effect (CPE) induced by infection of (a) Epithelioma
papulosum cyprinid (EPC) cells, (b) Hirame natural embryo (HINAE) cells or (¢)
Chinook salmon embryonic (CHSE-214) cells with wild-type VHSV or rVHSV-A
NV-MCP at various MOI after 7 days post-infection.

4. In vitro, In vivo A4 Mx 22 4d 32l
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4-1. Luciferase reporter system& ©]&%F Mx f3x o3& 33

Luciferase reporter vector2 4t3dk EPC A Xl wild-type VHSV$} rVHSV-A
NV-MCPE A Z3}th. 12412 A luciferase A4S =43 A3} control A Z &}
Hlwated 2 zpol:= UATHFIg. 9a). 24417+ A luciferase FAS =3 Ay}

rVHSV-ANV-MCPE MOI 1.00.2 FHE3 M EoA luciferase Aol 71 =&
A T AR oH, rVHSV-ANV-MCPE MOI 0.1 HZF3S Alx7F FHA
AL &2lg 4= JATHFig. 9b). wild-type VHSVE MOI IOFJr 0.
M E+= o957 AT control All3Eef Bl&] luciferase E4o] =
TR 4841 A o) =43k A3} rVHSV-ANV-MCPE MOI 1.00.2 %j%—
M A luciferase &40l 71 =32 (Fig. 90), 24A1A 9} vl =3 P&
Ath. EPC Al 39 A luciferase &4 12/\]7]'41] Oﬂ §}7} Oqoix] 24/\]
FEl AlZFste] 48AIZM7HA] Al A o

o

e

>,\I
Worlo -l
>

b b
ol fo
2 of\ og _IX?L

;_4

rot

o 3
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d
o

fr ot >i
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I 10000

1 Mock infection 0 Meck infection

EZEE wild-type VHSV MO 1.0 EEE wild-type VHSY MOI 1.0
B 750 | HHD wild-typs VHSV MOI0-1 N wild-type VHSYV MOI 0.1
= EEEE rVH SV -AMV-MCP MO 1.0 2 1000 1 prn (WHSV-ANY-MCP MOI 1.0
.E e FVHSV ANV -MCP MO 0.1 s B AVHSV-AMY-MEP M1 0.1
5 8
@
0 b
(1]
2 g
s &
=
| 3 2000 4

ol

At 12 h post-infection At 24 h post-infection
25000 = 25000
] Meck infection —#— Mazk infectian
EzE wildaype VHSV MO 1.0 —w— wilddype VHEY M3 1.0
M wild: VHSV MOI0.1 20000 Ihd: VHSY MO 0.1 T
£ 09 | G SV ANY-MCRMOI 10 £ o rrivecadiiighug T A
= =1 (VHSV-ANV-MGP MOID.A = —a— (WHSV-ANV- MCP MOL 0.1
t" § 15000 /
o 150
@ @
W
E 10000 E
2 2 =X
E = ===
0 sew - i
& :
s . 12 24 48
At 48 h post-infection £ .
R Hours post-infection

Figure 9. Analysis of Mxl gene expression-in Epithelioma papulosum cyprinid
(EPC) cells by measuring activity of luciferase that was used as the reporter
protein. EPC cells were infected with wild-type VHSV or rVHSV-ANV-MCP at
MOI 1.0 and 0.1, and luciferase activity was analyzed at (a) 12h, (b) 24h, and
(c) 48h post-infection. (d) time-coure change of luciferase activity.

4-2. In vivogoll A Mx fAx & &<l
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Al 23 VHSVE dAlo] &8 FAS o IFN- [ %8 ofH JFE& A=
dolr 7] e L-15 viA 2} wild-type VHSV, rVHSV-ANV-MCPE HZEF 3, 24
ANz 48X Al PG A7 Mx FHA ddES g1 2443
rVHSV-ANV-MCPZ FA}g 1504 wild-type VHSVE FAMSE 15KHT O @
Mx F227F ddsts AS ST AT 48A1 A 9l & wild-type VHSV
FAE 153 rVHSV-ANV-MCPE FAe IF REFA Mx fHA7F %ol
e AS AT F AATh 2ZF viAoA 244 THR L 48AI1 A Mx -
o] WE oFAo AAZ o7 HS=EA YEFSTHEFIg. 10).

A

[-' U

B e ro
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Kidney Spleen

Mock wtVHSV rVHSV-ANV-MCP Mock wtVHSV rVHSV-ANV-MCP
fish 1 2 3 1 2 3 1 2 3 1 2 3 i1 2 3 x 2 3
- ?*- " e e Mx1
- - .- - e B-actin
(a) 24h
Mock wtVHSV  rVHSV-ANV-MCP Mock wtVHSV. rVHSV-ANV-MCP

fish 1 2 3/ am>» 5 1 4F 3 . R YENTLE
| o L mceme- M1
- - A N - B-actin

(b) 48h

Figure 10. Analysis of~Mx -gene expression .in olive flounder (Paralichthys
olivaceus) by semi-quantitative RT-PCR. Olive flounder fingerlings were injected
with wild-type VHSV and rVHSV-ANV-MCP at a dose of 10° PFU per fish, and
expression of Mx gene to OF g-actin gene in the spleen and the kidney was
analyzed at (a) 24 h and (b) 48 h post-infection.

26



Viral hemorrhagic septicemia virus (VHSV)2} lymphocystis disease virus (LCDV)
T F2A HAA AT AEALA Z FE T Hlolglzo|th. VHSVE 4|
2 o] Aot ofyegt Aol tFHAE oFrlet= nbo] 2 2o M (Schlotfeldt
& Ahne, 1988; Schlotfeldt et al. 1991; Mortensen et al., 1999; Isshiki et al., 2003;
Skall et al., 2005), LCDVE 7FAZQl ZAAAQ WHOE Qs AF7H 9 stehs
ok7)8l= wlol#] o] tilwamoto et al.,, 2002). 3}A| ¥k o}2 o]2]gt ulolz]x AW
of tigt &34l AL gle AAolt). T reverse genetics system= o] &3
Pt =R mpolzl MAlo] A Ha vk o] AlxHElE upo]# 29 full
genomed} AH Q1 cDNAE o] &3] AlLo| A nte]ld 25 thA] A He A
ot} o]lglg 7]&& o] &3] Hlolz] 29 EA HHAES knock-out A7 AU
mutation &t k53t AZxFviolel~E AAT 5 9o, o|FA AFH =
3} Az HlolY A TS HYAAOE A FTA HAdu olyg AR HY=
FRHCE FEY T o AW RE ARRo] JhEdtal, AAZQ FEAEER
MAS B = k= el QAtKSchnell et al, 1994; Palese et al., 1996;
Neumann & Kawaoka, 2001; Neumann et al., 2002; von Messling & Cattaneo,
2004).

o] Foll Al reverse genetics system= ©]-838Fe] A =35+ VHSV, SHRV, THNVE A
Zhsta ol WAle g ARgStz] 9k A =EEo| WIEE] tkJohnson et
al., 2000; Alonso ‘et al., 2004; Biacchesi et al., 2000, 2002, 2010, Ammayappan et
al.,, 2010a,b). H & B A2 oA = reverse genetics systemS 7| E OS2 dl= T7
RNAP o3 Al 2~®HlS o] &35k - VHSVE] NV FZ 271 knock-out® =% VHSV
& AFste O B WAooz Ae ayE I vl JtHKim et al, 2011
Kim & kim, 201D). £ A3lA = o|FA Azd Ax=FF VHSVE o83t LCDV
o] MCP Fxx+& ¥dst= VHSVE AZetdth VHSVeE NV #3172 ti4l EGFP
FRAATE S0 pVHSV-ANV-EGFP #HE|o A AELE o] &3t EGFP
AAE A AsEa, LCDVY vlolg] 2 @izl MCP (major capsid protein) -2k
& Adsted pVHSV-ANV-MCP HWE]E AZstdoh. ol52A Az #E &
supporting ® €] ¢} A T7 RNA polymerase (T7 RNAP)S w& 3= EPC Al 3E o
co-transfection &} =3 Hlo]#] =<l rVHSV-ANV-MCPE A zslit). RT-
PCRE A3t H7|9s 3 23, VHSV-N, VHSV-P % #e} LCDV-MCP %

o] &

Ar ZZ 8 AL FAY 5 AAAD ECGFP AR 2ZHA oo} 24

guil
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2 LCDVe MCP7} 3= = A=d VHSVZE AZE M ee & & A Az

=
A 2% vtel# 2+ plaque assayE &3 ZEAA v vtolH AU S FASAT

o2l 2 S5 Soldo® s A2 FR/ ot FaAde] EEAA "ok
VHSVE EPCS}F GFellA 53] o] & 2oz I A M‘Pﬂﬂ CHSE-214 A
ToAE Aol e Aoz U4 gtHlorenzen et al., 1999). . 213 o A
= HINAE A .\—19} EPC A%, CHSE-214 A%l A=e Az VHSVE wild-type
VHSVE MOIE sle] W= &, Ao wal Aol dEkxlE= x| B ws)
®okth 7 A ﬁaﬂr Wlld—type VHSVS} |23 VHSV =% EPC Ao A 713
el B2 AL AT 4 It aela EPC A= Hls] %A CPEZ} 4
B}zl 3ER|4F HINAE MZ% ZFeAdol o a% stold 4= 9l dHA T
CHSE-214 AlZole= 4ol =4 oM, £& 52 HFstooF CPEE &<
d g AT ol Az FFol wet Hiolzxe %‘—’F‘éol t27] w&olzt
245, CHSE-214 =Xt EPC Al ZoA Aol O st A3 A9 &2
< A#E JetdlthLorenzen et al, 1999). Sk Al=d wlolelxs HEA &<l
Aol 22 MOI2 HFsksle o, A= VHSV7L wild-type VHSVE T CPEZ}

AA Yebde AS GAF 5+ AATE elE F H